Background: Treatment patterns in Parkinson's disease (PD) have not been extensively studied for nearly two decades. Insurance claims are appropriate for such analysis. Objective: To understand the standard of care use of symptomatic treatments in new cases of PD and factors associated with treatment choice. Methods: Retrospective cohort study using claims data from the United States between 2008 and 2016. We used Kaplan-Meier methodology to estimate time to treatment start and switch or add-on therapy and Cox proportional hazards models to identify predictors. Results: We identified 68,532 patients eligible for treatment pattern analyses. Median time from diagnosis until first treatment was 37 days (95% confidence interval: 36-38). Two distinct patterns of treatment initiation were identified: fast initiators and patients with delayed treatment start (or no recorded treatment). Levodopa therapies were the most commonly prescribed treatment class (52.6%). Increased age was associated with shorter time to start of treatment with levodopa. Younger age was associated with shorter time to initiation of dopamine agonists and other symptomatic treatments. Patients that initiated treatment with levodopa/combinations had the fewest switches/add-ons [30.4%; median time 7.29 (6.71, 8.13) years]. Older patients had fewer switch/add-on therapies, but only in the group that started with levodopa/combination therapy. Conclusions: Time from diagnosis to treatment start was relatively short, suggesting that PD diagnosis, as reflected in the database, is closely linked to start of symptomatic treatment. Levodopa treatment remains the most common treatment, especially for older patients. Delayed treatment start was associated with increased age and comorbidity.
INTRODUCTION
Parkinson's disease (PD) is a neurodegenerative disorder affecting approximately one in 100 people over the age of 60 [1, 2] . Although motor symptoms are central to PD, it is now recognized that non-motor abnormalities including sleep behavior disorders, olfactory dysfunction, constipation, excessive daytime somnolence, hypotension, erectile dysfunction, urinary dysfunction, and depression can also be symptoms of PD and may be present prior to diagnosis of PD, which is based on motor symptoms [3] .
Since its introduction in the 1960 s, levodopa has been the gold-standard choice for treatment of PD-related motor symptoms, such as slowness of movement, rigidity and tremor [4] . Levodopa loses efficacy over time and prolonged use is accompanied by motor complications including refractory motor fluctuations and dyskinesia, which are observed in almost all patients with PD after 4-6 years [5] [6] [7] [8] [9] . Despite the availability of other symptomatic treatments such as dopamine agonists, monoamine oxidase type B inhibitors (MAO-Bi) and amantadine-used instead of, or in combination with, levodopa in order to optimize symptomatic control-an unmet medical need still remains, as no treatments with a direct effect on the underlying disease pathophysiology are currently available and the disease continues to progress regardless of symptomatic therapy [5, 10, 11] .
It is important to understand current standard of care (SOC) in PD in detail to identify appropriate comparators for new investigational medications and to monitor if current guidelines are being followed. Recent treatment guidelines and reviews covering therapeutic management of early PD include the National Institute for Health and Care Excellence (NICE) and Scottish Intercollegiate Guidelines Network (SIGN) guidelines in the United Kingdom [12, 13] ; a report of the European Federation of Neurological Societies (EFNS)/Movement Disorder Society (MDS) [14] and the American Academy of Neurology (AAN) practice parameter report [15] and other country-specific guidelines. It is generally recommended to initiate treatment when motor symptoms start to have an impact on the patient's life, although the optimal time frame for initiation of therapy has not been clearly defined. For example, guidelines also suggest considering a combination of factors including relative effectiveness for symptomatic control/prevention of motor complications and adverse effect profile of the drugs, patient symptoms, age, needs and expectations, experience, comorbidities, environment and employment status. The choice should be made following individual assessment and discussion and the timing of when to start treatment is determined by the patient's individual circumstances [13, 14] .
In a recent review Bloem et al. [16] stressed the importance of large, routinely collected, administrative insurance claims databases as an opportunity to study large numbers of PD patients, in settings reflective of 'real-life' clinical practice. Importantly, a study by Willis et al. using insurance claims data from the United States (US) Medicare program found that neurologist care of patients with PD may be associated with improved selected clinical outcomes and greater survival [17] . However, of the 31 such studies Bloem et al. examined, just one [18] studied treatment patterns, and with a particular focus on costs and adverse events, rather than treatment patterns per se. To our knowledge, only one other peer reviewed manuscript with such an objective has been published to date, and this was based on data from almost two decades ago [19] .
In an attempt to fill this gap, we identified a large incident cohort of PD patients from insurance claims data and used this to understand current SOC patterns of use of symptomatic treatments for motor symptoms of PD. Specifically we were interested in the timing of treatment initiation relative to diagnosis. We also studied the timing of switching and/or adding other therapies and how these patterns vary with respect to age, gender and comorbidity burden.
METHODS

Data source and setting
This was a retrospective observational study set in the US. We utilized data from the Truven Health MarketScan ® Commercial Claims and Medicare Supplemental databases. Established in the early 1990 s, the MarketScan databases contain individual-level, de-identified, healthcare claims across inpatient, outpatient, prescription drug, and carveout services. The strengths of the MarketScan databases lie in their large sample size, completion of episodes of care in different settings, and strong longitudinal tracking at the patient level.
The Commercial Claims ('commercial') data contains active employees, early retirees and dependents insured by employer-sponsored plans. The Medicare Supplemental ('Medicare') data covers Medicare-eligible retirees (≥65 years) with employer-sponsored Medicare Supplemental plans. It is possible to track patients from employment into retirement between the Commercial claims and the Medicare claims portions of MarketScan. Therefore, these two parts of the MarketScan data were analyzed together. These data are fully anonymized and comply with the US Health Insurance Portability and Accountability Act (HIPAA).
Study design and cohort selection
The study cohort of interest was newly diagnosed PD patients. We identified PD patients via International Classification of Disease (ICD) codes. Specifically, we required ≥2 occurrences of ICD9 332.0 and/or ICD10 G20 codes, at least 1 day apart. We ensured subjects had full enrollment in the database and no PD code for at least 12 months beforehand, in order to capture incident cases and to derive baseline comorbidities (see 'variables' section). Similar strategies with administrative data have been successfully used in previous PD research [20, 21] .
The main study period was from 1 January 2008 to 31 December 2016. Patients were followed from the date of first PD diagnosis claim until discontinuation from the database (for any reason, e.g., changed insurance or death, etc.) or until the end of analysis period (31 December 2016); whichever occurred first. Short gaps in insurance enrollment of ≤31 days were allowed, so long as they were surrounded by enrollment periods both before and afterwards. The rationale for this was to allow small periods for delayed administration or insurance payments. Only patients with drug coverage (as well as medical coverage) on the date of PD diagnosis (first claim) were considered for the treatment pattern analyses.
Variables
In order to account for burden of disease and comorbidities, we derived Charlson Comorbidities and the Charlson Comorbidity Index (CCI) for each patient [22] . We based our code lists on updated versions which were revised specifically for ICD9 and ICD10 in insurance claims data [23, 24] . We used the time frame of between 12 months and 1 month prior to PD diagnosis to screen for the presence/absence of each of the 17 comorbidities. The CCI was calculated as the weighted sum of present comorbidities. Higher weights are given to the more severe comorbidities so high CCI represents greater comorbidity burden (see Supplementary Table 2 ).
Treatments identified mainly represent mail-order and card program outpatient pharmaceutical drug claim prescriptions. They were identified via National Drug Codes and grouped into the following five classes: levodopa and levodopa combination therapies with carbidopa and/or entacapone (hereafter "levodopa/combination"), dopamine agonists (cabergoline; ropinirole; pramipexole; bromocriptine; pergolide; apomorphine and rotigotine), MAO-Bi (selegiline and rasagiline), amantadine and "other dopaminergic agents" (the Catechol-O-methyl transferase (COMT) inhibitors entacapone and tolcapone). Apomorphine was also identified by the Healthcare Common Procedure Coding System (HCPCS) code J0364 from in-/out-patient hospital settings.
Statistical analysis
Cohort demographics, Charlson comorbidities and most common initial treatment classes were descriptively analyzed. For treatments, this included combinations of classes when two or more were prescribed on the same day.
For analysis regarding time to initiation of specific treatment classes, 'events' and event times were defined based upon time between PD diagnosis and first dispense of the treatment class in question. This was regardless of whether or not the treatment class was received as the first treatment or subsequently. Only patients that received an initial treatment were eligible for the time to switch/add-on analyses. We did not require that patients receive their initial medication continuously, so the time to switch/add-on was calculated as the number of days between dispense of the initial treatment class and second treatment class different to the first, regardless of whether they discontinued the first or not.
For patients treated with levodopa/combination at any time after PD diagnosis, we considered discontinuation as a gap of more than 180 days from the last supply-day of their previous prescription or no new levodopa/combination prescription at all. If patients discontinued from the database before a 180-day gap, their data was censored on that day.
Patient time was always censored for those without an event upon discontinuation from the database (for any reason) or at the end of study follow-up, whichever came first. The time until first treatment, first switch/add-on and levodopa/combination discontinuation were all calculated and plotted using Kaplan-Meier methodology. We also fitted Cox proportional hazards models to describe the associations between treatment initiation and switch/add-on, overall and by treatment class. Explanatory variables included were patient age at diagnosis, gender and CCI score. We additionally included time to first treatment as an explanatory variable in the time to switch/add-on analysis.
Sensitivity analysis
Post hoc sensitivity analyses were performed to include year of first PD claim, region (based on US census region) and specialty of physician at first diagnosis claim for PD as covariates in Cox regression analyses of treatment initiation and switch/add-on.
RESULTS
Patient population
A total of 209,046 subjects were identified with at least two PD claims across the whole database. Of these, 84,104 could be identified as incident cases; and thus were included into the study cohort (see Supplementary Table 1) . Table 1 displays the characteristics of the cohort. The mean (standard deviation [SD]) age at first PD diagnosis was 73.4 (12.0) years and 58.3% of the cohort were male. Only a minority of patients were identified prior to 50 years of age [n = 2,508; 3.0%]. All regions of the US were well represented in terms of raw numbers. The mean (SD) follow-up time was 5.9 (2.6) years across the whole database and 2.3 (1.9) years after diagnosis. Out of the full PD cohort, 68,532 (81.5%) patients had insurance drug coverage (as well as medical) and were therefore eligible for treatment pattern analyses.
Charlson comorbidities
Supplementary The proportion of patients with at least one comorbidity increased with age from 31.8% for those <50 years, to 51.1% for 50-70 years, and finally to 73.6% for those >70 years old. The mean (and median) CCI score also increased with age from 0.66 (0) in those <50 years to 1.31 (1) for 50-70 years, to 2.20 (2) in those >70 years. The majority of individual comorbidities also markedly increased in prevalence with age. Table 2 shows the most commonly used firstline treatments. Of the 49,737 (72.6%) patients whose first treatment was observed during followup, 70.3% were prescribed levodopa/combination therapy, making it by far the most commonly used treatment class. The second most frequently prescribed treatment class was dopamine agonists [n = 7,729; 15.5%] and 1% of patients started with both levodopa/combination and dopamine agonists on the same day.
Treatment initiation
First-line use of monotherapy MAO-Bi was reported in 8.3% of patients and first-line use of amantadine was 3.1%.
Overall, the median time to treatment start was 37 days (95% confidence interval [CI]: 36-38). The Multiple "x"s in one row indicate that two or more treatments from different classes were dispensed on the same day. * These patients met overall inclusion/exclusion criteria for treatment pattern analyses (see Supplementary Table 1 ). + The full list of infrequently prescribed combinations has been summarized in one row. MAO-Bi, monoamine oxidase type B inhibitors. Kaplan-Meier plot for time to initiation of any treatment (Fig. 1) suggested two distinct groups of patients, namely: fast initiators and those with more delayed treatment start (or no recorded treatment). One-quarter of patients filled a prescription within 3 days of first PD diagnosis code. Roughly two-thirds (66.3%) were treated within the first 6 months, and 70.8% were treated by the end of Year 1, which can be seen by the sharp drop in the Kaplan-Meier curve until around this time. Treatment rate estimates later in follow-up were based on more limited numbers of patients who had not already been treated or discontinued from the database. For example, after 3 years of follow-up, 3,732 patients were still enrolled in the database with no recorded first treatment. Only 99 patients were still enrolled with no recorded treatment after 8 years of follow-up. Within the group of patients with no recorded treatment during at least 3 years of follow-up after diagnosis, 71% had at least three claims for PD and 41% had at least six claims for PD. For any treatment, the youngest age group (<50 years) were least likely to initiate treatment early [50-70 vs <50 hazard ratio (HR): 1.37 (1.30-1.45); >70 vs <50 HR: 1.21 (1.14-1.28), see Table 3 ].
Higher comorbidity burden was associated with delayed treatment start [from; CCI 1 vs 0 HR: 0.94 (0.91-0.96) to; CCI 3+ vs 0 HR: 0.79 (0.77-0.80)]. Females on average, had a more delayed treatment start [HR: 0.93 (0.92-0.95)]. The time to initiation of 'any treatment' analysis, was mainly driven by the levodopa/combination treatments, seeing as the majority of patients initiated with this class.
When investigating time to initiation of each individual treatment, a largely similar pattern was observed; with both female gender and higher comorbidity burden being associated with delayed onset of treatment (Table 3 ). However, clear differences emerged with age. While older patients were more likely to receive levodopa [>70 vs <50 HR: 1.91 (1.79-2.04)], older age was consistently and monotonically associated with a lower likelihood of 
Switch/add-on therapy
Overall, of 49,737 patients who had a first-line treatment observed, 39.1% also switched or added a second therapy during follow-up. Patients that initiated treatment with levodopa/combinations had the fewest switches/add-ons [n = 10,950; 30.4%] while this was considerably higher for all other initial treatment classes [dopamine agonists: 60.6%; MAO-Bi: 72.8%; amantadine: 68.0%].
In line with the above finding, the median time to switch/add-on therapy was far longer in the group that initiated treatment with levodopa/combination [7.29 (6.71-8.13) years, see Fig. 2 ] versus those whose first-line treatment contained a dopamine agonist [0.88 (0.83-0.94) years], MAO-Bi [0.51 (0.47-0.54) years] or amantadine [0.37 (0.31-0.43) years]. The median time to switch/add-on from the initial 'other dopaminergic treatment' (COMT inhibitors) group was only 1 day and the majority of these patients added levodopa as expected (92.4%; COMT inhibitors are prescribed together with levodopa and presumably these patients filled the COMT prescription before the levodopa prescription).
Overall, and similarly to initiation of first-line treatment, female gender was associated with a longer time to switch/add-on therapy [HR: 0.92 (0.90-0.95)]. This was consistent across each of the initial treatment classes, although only statistically Table 3 Cox-proportional hazards models for time to first treatment and switch/add-on For the group that initiated treatment with levodopa/combination therapy, increased age significantly lowered the likelihood of switch/add-on therapies [50-70 vs <50 HR: 0.74 (0.66-0.83);>70 vs <50 HR: 0.36 (0.32-0.41)]. A similar trend was observed in the first-line dopamine agonist-and MAO-Bi-treated groups [dopamine agonist: >70 vs <50 HR: 0.88 (0.77-0.99); MAO-Bi: >70 vs <50 HR: 0.91 (0.79-1.06)]. For the group of patients starting PD treatment with amantadine, no age versus timeto-switch/add-on relationships were found. Limited sample size made the results for the "other dopaminergic agents" group uninterpretable.
Finally, and across all initial treatment groups, longer time to initial treatment start was associated with longer time to treatment switch/add-on.
Sensitivity analysis
Overall, no obvious trend of year of first PD claim on treatment initiation was observed (Supplementary Table 3 ). In contrast, patients diagnosed with PD in more recent years had a lower chance of treatment switch/add-on. Including year of first PD claim as a covariate did not qualitatively impact interpretation of the pre-specified analysis with age, gender and CCI in the model.
When region was included as a covariate, no obvious trend on treatment initiation was observed overall ( Supplementary Table 4 ). However, compared with patients in Northeast, patients in other areas were more likely to start dopamine agonists early, whereas patients in north central and south were less likely to start MAO-Bi early. Adding region did not qualitatively impact interpretation of the pre-specified analysis with age, gender and CCI in the model.
Patients whose first PD claim was reported by a non-neurologist were less likely to start treatment or switch to/add another treatment (Supplementary Table 5 ). Including specialty of physician at first PD claim as a covariate did not qualitatively impact interpretation of the pre-specified analysis with age, gender and CCI in the model.
Discontinuation of levodopa/combination
The median time to discontinuation of levodopa/combination therapy was 5.97 (5.72-6.25) years. This is irrespective of whether levodopa/ combination was the first treatment or if other PD treatments were also used concomitantly.
DISCUSSION
In the present analysis of PD treatment patterns in the US using recent (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) data from the large Truven Health MarketScan ® Commercial Claims and Medicare Supplemental databases, levodopa and levodopa combination therapies were the most commonly prescribed treatments (52.6%), followed by dopamine agonists (12.4%) and MAO-Bi (6.7%). Overall, the median time between diagnosis and initiation of treatment was relatively short [37 days 95% CI: (36-38)]. Although there may be some uncertainty in the exact date of first PD diagnosis (see limitations), the short time to initiation of treatment suggests that in the majority of cases, PD diagnoses as reflected in the claims database are closely linked to start of symptomatic treatment. However, two distinct groups of patients were observed: fast initiators and those who postponed the use of symptomatic treatment options or did not use them at all during the follow-up period. The latter group, may be partially a true reflection of a patient/physician choice to defer levodopa treatment in some patients with symptoms that do not yet severely impact function and quality of life, and with the hope to defer dyskinesia and 'save' the potential benefit-window for later stages of the disease when symptoms inevitably worsen [25] . On the other hand, some of these patients may have been included in our analysis due to coding error or misdiagnosis, that was subsequently corrected (e.g. essential tremor) and did not lead to prescription of the PD treatments observed in this study. A sizable proportion of these patients had three or more claims during follow-up suggesting a confirmed PD diagnosis. Therefore, they may represent a true group with delayed treatment due to slow progression or relatively early diagnosis. In addition, some of these patients may have received treatments not considered in this study.
While older patients in our study were indeed more likely to receive levodopa [>70 vs <50 HR: 1.91 (1.79-2.04)], older age was consistently and monotonically associated with a lower likelihood of dopamine agonists and other treatment classes. This finding is in line with literature stating dopamine agonists and other treatment classes should be favored in those <50 years due to their apparent higher risk of motor complications [26, 27] . The slightly delayed onset of all treatment classes we found in females can probably be explained by slightly later diagnosis in males compared with females [28] . Finally, increased comorbidity burden was consistently associated with a delayed time to any treatment start, presumably due to treatment for other conditions taking priority and/or a general decreased ability and willingness for such patients to tolerate PD medication.
In analyses adjusted for age, gender, comorbidity burden and time to first treatment, the time to treatment switch or add-on therapies was by far longest in those patients who started with levodopa/ combinations (approximately 7 years) compared with those who started with levodopa-sparing treatments (all <1 year). This supports previous evidence that levodopa is the most effective and well tolerated first-line treatment choice [29] . Similar to treatment initiation, female gender and increased comorbidity burden were associated with delayed time to treatment switches or add-on therapies. Increased patient age was significantly associated with delayed time to switches from levodopa/combinations as well as directionally associated with delayed switches from dopamine agonists and MAO-Bi treatment. The median time to discontinuation of levodopa/ combination therapies (in any treatment line) was roughly 6 years.
Post-hoc investigations on the association between region, year of first PD claim, and specialty of treating physician suggest these factors are also associated with treatment patterns and should be considered for more detailed future research. Importantly, their addition did not impact interpretation of the prespecified analysis with age, gender and CCI in our study suggesting that they are independent risk factors.
Huse et al. [19] conducted the prior study most similar to ours (US claims data, median age 75) using data from 1999 to 2001. They found that within treatment users, levodopa was prescribed to the majority of patients as the initial PD medication (61.5% vs. 70.3% in the present study). Likewise, dopamine agonists were the first-line medication for 8.2% and 15.5% of patients in these studies, respectively. Overall this suggests that prescribing patterns in the US have not changed dramatically over the last two decades. Small discrepancies may be due to the fact Huse et al. counted initial prescription followed by additional other prescriptions within 30 days as combination therapy. Huse et al. also showed that older patients and those with greater comorbidity burden were more likely to start treatment with levodopa and less likely to switch thereafter.
Limitations
The major limitation of this study surrounds the unknown accuracy of identifying truly incident PD patients and the specific timing of diagnosis via insurance claims. Claims data are collected for billing purposes, so despite careful study design the diagnostic information retrieved does not necessarily reflect the first or final diagnoses for all patients. The first PD diagnosis code may represent symptoms or referrals to specialists rather than a formal diagnosis, and in any case the severity of disease at diagnosis cannot be established. A recent study created an algorithm based on 536 diagnosis codes in claims that has been able to detect truly incident PD patients with improved accuracy [30] , and a similar study has been reported in electronic medical record data [31] . Furthermore, despite requiring two or more codes for PD on medical claims as part of our study inclusion criteria, it is possible we still included some misdiagnosed patients, such as has been shown in other previous secondary use databases [32] . Due to small sample sizes beyond 3 years of follow-up however, and the high proportion of such participants with further confirmatory PD claims, the absolute number of erroneously included cases should be small and their inclusion is expected to have only a negligible effect on the results of our study. The effect of excluding more misdiagnosed patients would be to further shorten our estimates of time until treatment start.
As with all insurance claims analyses, we only know the drugs were dispensed and not necessarily that the patient took them. Reasons for switching or discontinuing therapy are not documented in the database. Due to the absence of data on symptom severity and patient preferences, we cannot determine if the observed trends related to age and comorbidity burden are independent of symptom severity and patient preferences. Additionally, data on drug dosage were not included in the analyses conducted. A final limitation is that reason for database discontinuation (e.g. death, change of insurance providers and other reasons for loss to follow-up) are not well reported in the database. We were therefore unable to account for death as a competing risk in time to event analyses.
Generalizability
The study population is representative of employees, retired employees and dependents of those employed by medium-to large-sized companies in the US that offer employer-sponsored healthcare coverage. In general, therefore they are expected to be of higher socio-economic status than the general US population.
As a whole, PD patients in the cohort studied had an average onset age of 73 years. This is roughly 10 years older than the mean age of PD diagnosis reported elsewhere [1, 33] , although more recent estimates are somewhat closer to our study population [34] .
Conclusion
Overall, the time from diagnosis to initiation of treatment was relatively short, suggesting that claims for PD diagnosis are closely linked to claims for PD treatment in the analyzed data set. Levodopa and levodopa combination therapies remain the most commonly prescribed treatments in the US, but increased patient age and comorbidity burden play a role in the choice of treatment class prescribed and the timing of initiation relative to diagnosis. Patients initiating treatment with levodopa or levodopa combination therapy switched to or added-on other symptomatic therapy classes far later than those with a different first-line treatment.
